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(54) Method for manufacturing nano-tube, nano-tube manufactured thereby, apparatus for 

manufacturing nano-tube, method for patterning nano-tube, nano-tube material patterned 
thereby, and electron emission source 



(57) A method and an apparatus capable of instan- 
taneously forming a surface of an arc-treated material 

mainly consisting of graphite into nano-tubes due to arc 
discharge carried out using a unit like a welding arc torch 
or the like without necessarily requiring a processing 
container, resulting in the nano-tube being applied to an 
electron emission source. A torch electrode acting as a 
first electrode and the arc-treated material made of 



graphite and acting as a second electrode are arranged 
opposite to each other. A potential is applied between 
both electrodes to generate arc discharge there be- 
tween. A mask having an opening pattern is arranged 
on the arc-treated material, so that only graphite posi- 
tioned on portions of a surface of the arc-treated mate- 
rial 2 coH'espondlng to openings of the mask are ex- 
posed to arc, to thereby be fonned into nano-tubes. 
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Description 

[0001] This Invention relates to nano-tube tech- 
niques, and more particularly to a nnethod for manufac- 
turing a nano-tube, a nano-tube manufactured thereby, 
an apparatus for manufacturing a nano-tube, a method 
for pattering a nano-tube, a nano-tube material pat- 
terned thereby, and an electron emission source having 
a patterned nano-tube material Incorporated therein. 
[0002] A field electron emission source is generally 
reduced In consumption of energy and increased In du- 
rability as compared with a thenmlon emission source 
which requires heating. 

[00031 Materials currently used for manufacturing a 
field electron emission source Include a semiconductor 
such as silicon or the like and metal such as Mo, W or 
the like, as well as a nano-tube. In particular, the nano- 
tube has a size and sharpness sufficient to pemnit con- 
centration of an electric field and is chemically stable 
and Increased in mechanical strength, resulting In being 
expected to provide a promising field electron emission 
source. 

[0004] A nano-tube has been conventionally manu- 
factured by laser abrasion, arc discharge between 
graphite electrodes in an inert gas atmosphere, chemi- 
cal vapor deposition (CVD) using hydrocarbon gas or 
the like. In particular, a nano-tube manufactured by arc 
discharge techniques is reduced In defect In atomic ar- 
rangement, to thereby be particularly suitable for use for 
a field electron emission source. 
[0005] Now, the conventional arc discharge tech- 
niques will be described. A pair of graphite electrodes 
are an'anged In a container In a manner to be opposite 
to each other and then the container is evacuated. Then, 
Inert gas is introduced Into the container and arc dis- 
charge Is carried out therein. This results in an anode 
highly evaporating, to thereby produce soot, which is 
then deposited on a surface of a cathode. Generation 
of the arc is continued for several minutes or more. 
Then, the apparatus Is caused to communicate with an 
ambient atmosphere, followed by removal or recovery 
of the thus-deposited material or cathode deposit from 
the cathode. 

[G006] The cathode deposit is constituted by a soft 
core containing a nano-tube and a hard shell free of a 
nano-tube. When the anode Is made of graphite con- 
taining a metal catalyst, a nano-tube Is contained In the 
soot. Thereafter, the nano-tube is removed from the soft 
core and/or soot and than carried on a substrate so as 
to act as an electron emission source. 
[0007] However, manufacturing of the nano-tube by 
arc discharge and manufacturing of the electron emis- 
sion source which have been conventionally carried out 
cause problems. 

[0008] More particularly, the prbr art requires a vac- 
uum container, a vacuum evacuation unit and an Inert 
gas introduction unit, resulting In being relatively in- 
creased In equipment cost. 



[0009] Another disadvantage of the prior art requires 
to repeat the evacuation and atmospherte communica- 
tion, so that the prior art Is time-consuming. 
[001 0] Also, the prior art requires recovery of the cath- 

5 ode deposit and/or soot and cleaning of the equipment 
after completion of the process, to thereby be unsuitable 
for continuous mass production of the nano-tube. 
[0011] Further, manufacturing of the nano-tube pro- 
duced by the prior art Into the electron emission device 

*o has a disadvantage. More particularly, It requires many 
additional steps such as separation of the soft core and 
hard shell from each other, Isolation of the nano-tube 
from the soot, purification of the nano-tube. carrying of 
the nano-tube on the substrate, and the like. 

13 [0012] It Is an object of the present Invention to pro- 
vide a method for manufacturing a nano-tube which is 
capable of being highly readily practised and suitable 
for continuous mass-production of the nano-tube. 
[0013] It Is another object of the present invention to 

20 provide a method tor manufacturing an electron emis- 
sion source which Is capable of being readily practised 
and suitable for continuous mass-production thereof. 
[0014] It is a further object of the present Invention to 
provide an apparatus for manufacturing a nano-tube 

25 which is capable of readily manufacturing a nano-tube. 
[001 5] It is still another object of the present Invention 
to provide an apparatus for manufacturing a nano-tube 
which Is capable of accomplishing mass-production of 
a nano-tube. 

50 [0016] It Is yet another object of the present Invention 
to provide a method for manufacturing an electron emis- 
sion source which is capable of readily manufacturing 
an electron emission source. 

[001 7] It is even another object of the present inven- 
ts tlon to provide an apparatus for manufacturing an elec- 
tron emission source which is capable of attaining mass- 
production of an electron emission source. 
[0016] It Is another object of the present Invention to 
provide a method for pattaming a nano-tube material 
which Is capable of readily patterning a nano-tube ma- 
terial with reliability. 

[0019] It Is a still further object of the present Invention 
to provide a nano-tube which is capable of being readily 
manufactured. 

4S [0020] It Is a yet further object of the present Invention 
to provide a nano-tube material which Is capable of be- 
ing readily and satisfactorily patterned. 
[0021] In accordance with one aspect of the present 
invention, a method for manufacturing a nano-tube is 

50 provided as claimed in claim 1 . 

[0022] In accordance with another aspect of the 
present Invention, a nano-tube is provided. The nano- 
tube Is manufactured according to the method de- 
scribed above. 

55 In accordance with a further aspect of the present in- 
vention, an apparatus for manufacturing a nano-tube is 
provided as claimed in claim 12. 
[0023] In accordance with still another aspect of the 
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present invention, a method for patterning a nano-tube 
is provided as clainned in any of the claims 16 to 18. 
[0024] In accordance with a yet further aspect of the 
present invention, a nano-tube material is provided. The 
nano-tube material Is patterned according to the pat- 
terning method described above. 
[0025] In accordance with an even further aspect of 
the present Invention, an electron emission source is 
provided. The electron emission source has the pat- 
terned nano-tube material described above Incorporat- 
ed therein. 

[0026] These and other objects and many of the at- 
tendant advantages of the present invention wilt be 
readily appreciated as the same becomes better under- 
stood by reference to the following detailed description 
when considered in connection with the accompanying 
drawings, In which like reference numerals designate 
like or corresponding parts throughout; wherein: 

Fig. 1 is a schematic view showing an apparatus for 
manufacturing (patterning) a nano-tube according 
to the present Invention; 

Fig. 2 Is a fragmentary enlarged sectional view ot 
the nano-tube manufacturing (patterning) appara- 
tus shown in Fig. 1 ; 

Fig. 3 Is a sectional view schematically showing for- 
mation (patterning) of nano-tubes at a specific site 
on an arc-treated material by way of example; 
Fig. 4 is a sectional view schematically showing na- 
no-tubes grown In the formation shown In Fig. 3; 
Fig. 5 is a sectional view schematically showing an- 
other example of formation (patterning) of nano- 
tubes at a specific site on an arc-treated material; 
Fig. 6 is a sectional view schematically showing na- 
no-tubes grown In the formation shown In Fig. 5; 
Fig. 7 is an enlarged view showing a part encircled 
by dotted lines in Fig. 6; 

Fig. 8 Is a microphotograph showing a nano-tube 
formed on a surface of graphite containing metal Ni/ 

Y by DC arc techniques; and 

Fig. 9 is a microphotograph showing a nano-tube 
formed on a surface of graphite containing metal NI/ 

Y by AC arc techniques. 

[0027] The term "nano-tube" as used herein Is Intend- 
ed to cover a carbon nano-tube, a carbon nano-flber, a 
carbon nano-partlcle, a nano-horn, a CN nano-tube, a 
CN (nano-) fiber, a CN nano-partlcia, a BCN nano-tube, 
a BCN (nano-) fiber, a BCN nano-particle, and a mixture 
thereof. 

[0028] Referring first to Fig. 1 . a manufacturing (pat- 
terning) apparatus used for practising each of a method 
for patterning a nano-tube, a method for manufacturing 
a nano-tube, a nano-tube, a nano-tube material, and a 
method for manufacturing an electron emission source 
according to an embodiment of the present invention is 
schematically illustrated by way of example. 
[0029] In the Illustrated embodiment, an: discharge is 



can-led out for a short period of time on a material to be 
subjected to an arc discharge treatment (hereinafter re- 
ferred to as "arc-treated material") in either an air atmos- 
phere or a predetemnlned gas atmosphere by means of 

5 a general-puipose arc torch for welding such as TIG 
(tungsten Inert gas) welding or the like (inert gas arc 
welding) and a power supply (welding power supply). A 
MIG (metal-el ectrode-lnert-gas) arc torch may be sub- 
stituted for the TIG arc torch. 

10 [0030] TIG welding Is carried out by generating arc 
discharge between a non-consumable tungsten (W) 
electrode and a matrix In an Inert gas atmosphere while 
using filler metal as required. 
[0031] The apparatus of the illustrated embodlmentp 

IS as shown In Fig. 1 , Includes an arc torch 1 for welding 
Including a torch electrode 1 C acting as a first electrode 
and an arc-treated material 2 an-anged opposite to the 
arc torch 1 so as to act as a second electrode 2, a water- 
cooled bench 3 for Holding the arc-treated material 2 

20 thereon, a power supply 5 for applying a voltage be- 
tween the arc torch 1 and the arc-treated material 2 to 
generate arc 4 there between, a gas bomb 6 acting as 
a gas feed source for feeding predetennlned gas to the 
arc torch 1 , and a gas regulator/flow meter 7 for adjust- 

25 ing and/or controlling a flow rate of gas fed from the gas 
bomb 6. Application of a voltage between the arc torch 
1 and the arc-treated material 2 is carried out by, for ex- 
ample, contact ignition, high-voltage application, radio 
frequency application or the like. Reference numeral 8 

30 designates a distal end of the arc torch 1 . 

[0032] The distal end 6 of the arc torch 1 in the nano- 
tube manufacturing (patterning) apparatus is construct- 
ed In such a manner as shown in Fig. 2. More particu- 
larly, the distal end B of the arc torch 1 is constituted by 

35 a nozzle 9 of the arc torch 1 , the torch el ectrode 1 0 made 
of W or the like and acting as the first electrode, an elec- 
trode holder 11 for holding the torch electrode 10 there- 
in, and a space defined between the nozzle 9 and the 
electrode holder 11 and acting as a flow path through 

40 which surrounding gas 12 Is fed to the arc 4 generated 
between the arc torch 1 and the arc-treated materiel 2. 
[0033] The general-purpose TIG welding power sup- 
ply 5 is constmcted so as to feed the gas 12 to the arc 
torch 1 , In general, argon (Ar) gas Isfedforthis purpose. 

45 However, In manufacturing of the nano-tube, the gas 
used Is not limited to any specific type. Thus, the gases 
used for this purpose include, for example, inert gas 
such as Ar, helium (He) orthe like, air, nitrogen (N2) gas, 
carbon oxide gas such as carbon dioxide (C02) gas or 

50 the like, oxygen (02) gas, hydrogen {H2) gas, and a mix- 
ture thereof. Alternatively, the gas may not be fed. How- 
ever, the gas 1 2 is preferably fed to the arc torch 1 2. In 
particular, feeding of the Inert gas to the arc torch 12 
prevents any chemical reaction between the nano-tube 

55 and the inert gas, to thereby minimise breakage of the 
nano-tube. Thus, most preferably the inert gas is fed to 
the arc torch 12. 

[0034] Thus, essentially the Illustrated embodiment 
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ellmlnales use of any container. However, when It Is de- 
sired to carry out the welding in an inert gas atmosphere 
In order to keep an operation place clean or when It is 
desired to eliminate an effect of convection due to a wind 
or the nice, the welding may be can-led out In a simple 
container acting as a surrounding means. Either a vac- 
uum container or a pressurised container may be used 
for this purpose. Also, the container may be of either the 
closed-type or the open-type. A pressure in the contain- 
er l3 not limited to any specific magnitude. The pressure 
is preferably at a level near an atmospheric pressure in 
order to ensure good operablilty. 
[0035] In the conventional TIG welding, a thorium 
(Th)- or cerium (C8)-containing W electrode may be 
used as a torch electrode. In manufacturing of the nano- 
tube, such an electrode may be used as the torch elec- 
trode 10. However, In order to avoid that a fine molten 
particle adheres in the fonn of a droplet to the arc-treat- 
ed matehal 2. pure graphite Is preferably used for tlie 
torch electrode 10. The torch electrode 10 Is not limited 
to any specific diameter. Whan a general-purpose torch 
Is used for this purpose, the diameter is preferably within 
a range of between 1mm and 7mm. 
[00361 The electrode holder 11 made of metal Is de- 
sirably cooled with water as in the general-purpose TIG 
welding torch. When the arc Is continuously generated 
or intemiittently generated for a long period of time in 
order to syntheslse a nano-tube of a large area or con- 
tinuously carry out mass-production of a nano-tube, the 
torch electrode 10 acting as the first electrode and the 
electrode holder 11 are excessively heated. This may 
possibly cause the torch electrode 10 to be highly ex- 
hausted and the electrode holder 11 to be damaged. 
Thus, when cooling of the electrode holder 11 due to 
flowing of the gas (specific gas) 1 2 through the arc torch 
1 leads to cooling of the electrode holder 11 » the elec- 
trode holder 11 is prevented from being damaged by 
heating. Also, this permits the torch electrode 11 to be 
cooledbytheelectrode holder 11 being cooled, resulting 
In minimising exhaustion of the torch electrode 10. 
[0037] The arc-treated material 2 which mainly con- 
sists of a carbon material fomned into the nano-tube or 
contains the carbon material in a large amount, acts as 
a counter electrode for the torch electrode 10. The car- 
bon materials suitable for use for this purpose Include 
graphite, activated carbon, amorphous carbon and the 
like. The arc-treated material 2 Is not limited to any spe- 
cific size. However, a thickness thereof is preferably 
within a range of between 0 1mm and 5mm 
[0038] Also, in order to protect the arc-treated mate- 
rial 2 from heat of the arc 4 or minimise breakage of the 
arc-treated material 2 due to heat of the arc 4, the arc- 
treated material 2 is preferably cooled. For this purpose, 
the operation is preferably carried out on the water- 
cooled bench 3 which is an electrode support water- 
cooled. The arc-treated material 2 may be kept suffi- 
ciently dried or contain moisture. When the arc-treated 
material 2 contains moisture, energy of the arc 4 is con- 



sumed to evaporate the moisture, to thereby fail to per- 
mit a temperature of the arc-treated material 2 which is 
to be evaporated to be Increased to a desired level. 
Thus, the arc-treated material 2 Is preferably kept dried. 

5 Nevertheless, when the arc-treated material 2 Is wetted, 
is moistened, contains moisture or is placed in water, 
the arc-treated material 2 may be prevented from being 
heated due to the arc 4. Heating of the arc-treated ma- 
terial 2 also may be prevented by directly cooling the 

10 arc-treated material 2 with water, oil or the like. Further, 
the cooling may be carried out by blowing a cooling me- 
dium such as water, carbon dioxide gas or the like 
against the arc-treated material 2 or spraying it there on. 
[0039] A period of time for which arc discharge is car- 

IS ried out may be set to be as short as three (3) seconds 
or less. Arc dischargef or more than three seconds caus- 
es the arc-treated material 2 to be evaporated, leading 
to a deterioration in flatness thereof, resulting in a nano- 
tube produced being unsuitable for use for an electron 

20 emission source, although It permits production of a na- 
no-tube. Also, an arc current required for the arc dis- 
charge may be set to be within a wide range of between 
5A and 500 A. In order to prevent breakage of the arc- 
treated material 2, It is preferably set at a level between 

25 30A and 300A. When the arc 4 is generated by means 
of a pulse current, the current Is not limited to any spe- 
cific level. However, it is preferably at a level between 
1 Hz and 500Hz in view of a general-puipose power sup- 
ply. A distance between the arc torch 1 and the arc-treat- 

30 ed material 2 may be determined to be between 0.1 mm 
and 10mm. 

[0040] When the arc discharge is carried out by 
means of a DC or a DC pulse, conditions for forming a 
nano-tube on a surface of pure graphite are highly re- 
35 stricted. However, use of graphite containing a metal 
catalyst or the like for the arc-treated material 2 pennits 
a large amount of nano-tubes to be produced on a sur- 
face thereof. The metal catalysts Include LI, B, Mg. Al, 
SI, P, S, K, Ca, Tl, V, Cr, Mn. Fe, Co, Ni, Cu, Zn, Ga, Ge, 
As, Y, 2r, Nb, Mo, Rh, Pd, In, Sn, Sb. La. Hf, Ta. W. Os! 
Pt and a mixture thereof. 

[0041] The metal catalyst may be contained In the 
form of elemental metal, an oxide thereof, a nitride 
thereof, a cart^ide thereof, a sulfide thereof, a chloride 

45 thereof, a sulfate thereof, a nitrate thereof or the like In 
the graphite. Alternatively, the metal catalyst may be 
sprayed, coated, plated, deposited or impregnated on a 
surface of the graphite while being In the fonn of an el- 
emental metal, an oxide, a nitride, a carbide, a sulfide, 

50 a chloride, a sulfate, a nitrate orthe like. Thus, it is mere- 
ly required that the arc-treated material 2 Is constructed 
so as to permit the g raphlte and metal catalyst to be co n- 
currently heated by the arc 4. 

[0042] When the arc 4 is generated by means of an 
55 AC or an AC pulse, use of pure graphite as well pemnits 
a large amount of nano-tubesto befomied on a surface 
thereof. Also, the above-described graphite electrode 
containing or covered with the metal catalyst likewise 
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permits a large amount of nano-tubes to be produced. 
Rather, the pure graphite electrode leads to an increase 
In density of nano-tubes per un It plane as compared with 
the graphite electrode containing or covered with the 
catalyst. 

[Q043] Now, a manner in which at least one desired 
site or portion on a surface of the arc-treated material 2 
Is concurrently formed Into nano-tubes will be described 
with reference to Figs. 3 and 4 by way of example. For 
this purpose, the arc 4 Is generated between the arc- 
treated material 2 and the torch electrode 1 0 through a 
mask 1 3 fonned Into a pattem con-esponding to portions 
of the surface of the arc-treated material 2 to be formed 
into nano-tubes. 

[0044] Fig. 3 shows arc discharge carried out be- 
tween the arc-treated material 2 and the torch electrode 
1 0 and Fig. 4 shows nano-tubes grown by the arc dis- 
charge shown in Fig. 3. In Fig. 4, reference numeral 14 
designates sites or portions of the arc-treated material 
on which nano-tubes are grown. 
[0045] Nano-tubes are formed on only portions of the 
surface of the arc-treated material 2 with which the arc 
4 Is contacted. The mask 13 may be made of any suit- 
able material which is resistant to a high temperature 
and heat shock, such as, for example, high-melting met- 
al, ceramics, graphite or the like. Also, trie mask 13 may 
be placed directly on the arc-treated material 2 or ar- 
ranged through a spacer thereon so as to be slightly 
spaced from the arc-treated material. 
[0046] When the AC or AC pulse is used for the arc 
discharge, the arc-treated material 2 may be made of 
pure graphite, graphite containing a metal catalyst orthe 
like, or graphite having a metal catalyst sprayed, coated, 
plated or deposited thereon. A DC arc or DC pulse arc 
causes pure graphite to be excluded from use for the 
arc-treated material 2. Instead, graphite containing a 
metal catalyst or the like or having a metal catalyst 
sprayed, coated, plated or deposited thereon may be 
applied for this purpose. 

[0047] Now, another manner in which at least one de- 
sired site or portion on a surface of the arc-treated ma- 
terial 2 Is concunrently formed Into nano-tubes will be 
described with reference to Figs. 5 to 7. In this case, a 
portion of a surface of graphite which is desired to be 
fomned Into nano-tubes has the metal catalyst 15 orthe 
like sprayed, coated, plated or deposited thereon. 
[0048] Fig. 5 shows generation of arc 4 carried out be- 
tween the arc-treated material 2 and the torch electrode 
1 0 and Fig . 6 shows nano-tubes grown by arc discharge 
shown in Fig. 5. In Fig. 6, reference numeral 14 desig- 
nates sites or portions of the arc-treated material 2 on 
which nano-tubes are grown. Fig. 7 is an enlarged view 
of a part encircled by dotted lines In Fig. 6. 
[0049] As shown in Fig. 7, the metal catalyst 1 5 is sub- 
stantially lostf rom the surface of the arc-treated material 
2 by processing using the arc discharge 4. More partic- 
ularly, the processing permits the arc-treated material 2 
to be formed on the surface thereof with a recess of a 



small depth. In which nano-tubes are formed. 
[0050] Use of DC arc or DC pulse arc permits forma- 
tion of nano-tubes on a portion of the surface of the arc- 
treated material 2 covered with the metal catalyst 1 5 or 

5 the like. However, no nano-tube Is substantially formed 
on a portion of the surface of the arc-treated material 
which is not covered with the metal catalyst 15. In this 
method, it Is not preferable to use AC arc or AC pulse 
arc, because nano-tubes are fomned on the portion of 

10 the surface of the arc-treated material 2 which is not cov- 
ered with the metal catalyst 15 as well. The method is 
simply practised as compared with the method shown 
in Fig. 3, because the former does not use the mask 13 
during the arc discharge. 

t3 [0051] The method of the present invention leads to 
continuous manufacturing of nano-tubes by successive 
replacement of the arc-treated material 2. Alternatively, 
the continuous manufacturing may be carried out by 
moving the arc torch while keeping the arc-treated ma- 

20 terials | uxtaposed to each oth er. 

[0052] IViore particularly, the continuous manufactur- 
ing may be carried out by moving the arc-treated mate- 
rlals2 while keeping the aretorch 1 stationary or by mov- 
ing the arc torch 1 while keeping the arc-treated material 

25 2 stationary. Alternatively, it may be carried out moving 
both the arc torch 1 and arc-treated materials 2. 
[0053] Relative movement between the arc torch 1 
and the arc-treated material 2 may be effected either 
manually or by means of a transfer means for moving 

30 the arc torch three-dimenslonally or In X and Y directions 
parallel to the arc-treated direction and a Z direction ver- 
tical to the X and Y directions. 
[0054] In particular, use of an numerical control (NC) 
apparatus orthe like permits only a region of the surface 

35 of the arc-treated materia! 2 which is desired to fonned 
into nano-tubes to be exposed to the arc 4. Also, it per- 
nnits only a patterned portion of the metal catalyst 15 to 
be exposed to the arc 4. 

[0055] In the above-described nano-tube man ufactur- 

40 ing, use of air or nitrogen as gas to be fed to the arc 
torch 1 pennits formation of a so-called CN nano-tube 
which Is a carbon nano-tube containing nitrogen (N). Al- 
so, use of graphite which contains a boron (B)-contaln- 
ing material as the arc-treated electrode leads to forma- 

"fs tlon of a so-called BCN nano-tube which Is a nano-tube 
containing a BCN network. Such a BCN nano-tube may 
be likewise produced by using graphite containing a 
metal catalyst (additive) orthe like, thai having aB-con- 
talning material sprayed, coated, plated or deposited 

so thereon or that having a B-containing material and an 
additive-containing material sprayed, coated, plated or 
deposited thereon as the arc-treated electrode 2. Like- 
wise, a variation tn atmospheric gas or additive leads to 
formation of a variety of nano-tubes. C indicates carbon. 

55 [0056] Further, when nano-particles which deteriorate 
emission of electrons are removed from an electron 
emission source including the nano-tube manufactured 
as described above by oxidation, the electron emission 
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source is permitted to be Increased In performance, 
[0057] The nano-tube produced by the method of the 
present Invention may be applied to a conventional di- 
ode-type or triode-type electron emission source. In par- 
ticular, It may be suitably used for a display tube, a dis- 
play panel, a luminous device, a luminous tube, a lumi- 
nous panel or the like. Further, the eiectron emission 
source permits the nano-tube produced on a specific 
site on the arc-treated material to emit electrons, to 
thereby be applied to a display device ot a complicated 
pattern. 

[00581 Now, results of an experiment made by the In- 
ventors will be described with reference to Figs. 8 and 9. 
[0059] Fig. 81s a microphotograph by a scanning elec- 
tron microscope showing a surface of a NiA^-contalnlng 
graphite plate (content of Ni: 4.2 wT/o, content of Y: 1 .0 
wt%, plate thickness: 2mm) processed in an open air 
atmosphere using the general-purpose welding arc 
torch 1 (torch electrode 1 0: graphite). An arc current was 
set to be 1 0OA. Fig. a Indicates that a large amount of 
nano-tubes overlie the surface of the graphite plate. 
[0060] Fig. 9 Is a microphotograph showing a surface 
of pure graphite subjected to AC arc discharge at 100A. 
Fig. 9 likewise Indicates that a large amount of nano- 
tubes overlie the surface of the graphite plate. It was 
found that the deposit thus formed on the surface con- 
tained single-layer carbon nano-tubes, nano-horns and 
the like. The deposit was then used for manufacturing 
of a diode-type flu orescent display device. Then, the dis- 
play device was driven to emit electrons, which were im- 
pinged on a fluorescent luminous plane of the display 
device. As a result, it was observed that the fluorescent 
luminous plate emitted light. 

[0061] In the embodiment described above, the 
graphite plate Is used as the arc-treated material 2 hav- 
ing the graphite (second electrode) fornied thereon. 
Thus, the substrate acts as the second electrode as 
well. Alternatively, the substrate and second electrode 
may be formed separately from each other. For exam- 
ple, a graphite layer may be arranged all over a metal 
plate or patterned thereon. 

[0062] Alternatively, the embodiment may be so con- 
structed that the graphite layer may be arranged in a 
solid pattern on an insulating plate such as a glass sub- 
strate, a ceramic substrate or the like or patterned ther- 
eon. In this case, metal may be Interposed wholly be- 
tween the Insulating plate and the graphite layer or pat- 
terned there between. A metal material which does not 
evaporate during the arc discharge, such as aluminium 
may be used forth is purpose. Use of the insulating plate 
facilitates manufacturing of the nano-tube and reduces 
a manufacturing cost thereof, as compared with use of 
the graphite plate. 

[0063] Further, the metal layer may be made in the 
fomn of a thick film by screen printing or the like or a thin 
filmby CVD. mask deposition or the like, The metal layer 
may also act as a wiring layer which permits the nano- 
tube to carry out electron emission due to application of 



a potential thereto, when the nano-tube Is used as an 
eiectron emission source. 

[0064] Moreover, the metal catalyst 15 may be ar- 
ranged In a solid pattern on the arc-treated material 2 

5 or patterned as desired. The graphite layer and metal 
layer also may be fonned in a solid pattern . Alternatively, 
they may be patterned in correspondence to a pattern 
of the metal catalyst 15. The metal catalyst 15 may be 
deposited in the fomi of a thin film by CVD, mask dep- 

10 osltlon or the like. 

[0065] In the embodiment described above, the nano- 
tube fonned on the substrate or arc-treated material 2 
is applied to the electron emission source without being 
subjected to any further processing. Altematively, the 

15 nano-tube may be separated from the substrate or arc- 
treated material 2 and purified, followed by application 
In the fomn of an elemental nano-tube to the electron 
emission source. 

[0066] The nano-tube manufactured by the method 
20 according to the present Inventton may be used for a 
material for occluding hydrogen or the like. 
[0067] Also, the nano-tube manufactured by the 
method of the present Invention may be added In the 
form of a mixture to an electrode of a secondary battery, 
25 used for an electrode of a secondary battery, or added 
In the fomi of a mixture to a fuel cell. 
[0068] Further, the nano-tube manufactured by the 
method of the present Invention may be added in the 
form of a mixture to a material such as rubber, plastic, 
30 resin, iron steel, concrete or the like. Such addition of 
the nano-tube leads to an improvement in strength of 
the material, thermal conductivity thereof, electric con- 
ductivity thereof or the like. 

[0069] Moreover, the nano-tube manufactured by the 
35 method of the present Invention Is featured In that a na- 
no-hom as well as a single-layer nano-tube Is contained 
in soot. The term "nano-horn" as used herein is intended 
to mean a carbon nano-partlcle formed Into a configu- 
ration like that obtained by conically rounding a graphite 
sheet (see, K. Murata, K. Kaneko, F. Kokai, K. Taka- 
hashi, M . Yudasaka and S. Iljima, "Pore Structure of Sin- 
gle-Wall Cart3on Nanohorn Aggregates', Chem. Phys. 
Lett. 331: 14-20 (2000)). 

[0070] As can be seen fomi the foregoing, the present 
<s Invention provides a method for manufacturing a nano- 
tube which Is highly readily practised. 
[0071] Also, the present Invention provides a method 
for manufacturing an electron emission source which Is 
readily practised and suitable for continuous mass-pro- 
50 duction. 

[0072] Further, the present Invention provides a meth- 
od for manufacturing nano-tubes which readily fomis 
nano-tubes In any desired pattern on at least one site of 
a substrate. 

55 
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Claims 

1 . A method for manufacturing a nand-tube compris- 
ing the steps of: 

arranging a first electrode and a second elec- 
trode in a manner to be opposite to each other 
In an air atmosphere, said second electrode be- 
ing made of a material mainly consisting of a 
catbon material; 

applying a voltage between said first electrode 
and said second electrode to canv out arc dis- 
charge there between; and 
forming a carbon material on a predetermined 
region of said second electrode into a nano- 
tube due to said arc discharge. 

2. A method as defined in claim 1, wherein said first 
electrode Is constituted by a torch electrode provid- 
ed at an arc torch; and 

said step of Tonnlng said carbon material on 
said predetermined region of said second electrode 
Into said nano-tube due to said arc discharge Is car- 
ried out while moving said torch electrode and sec- 
ond electrode relatively to each other. 

3. A method as defined In claim 1 or 2, wherein said 
second electrode Is arranged on a surface of a sub- 
strata; and 

said step of fomning said carbon material on 
said predetermined region of said second electrode 
into said nano-tube due to said arc discharge is car- 
ried out while holding said substrate on a cooling 
member to cool said substrata through said cooling 
member. 

4. A nnethod as defined in claim 1 or 2, wherein said 
step of fonnlng said carbon material on said prede- 
termined region of said second electrode into said 
nano-tube due to said arc discharge Is carried out 
while surrounding at least said first electrode, said 
second electrode and an arc discharge region be- 
tween said first electrode and said second electrode 
with a surrounding member. 

5. A method as defined in claim 1 ,2 or 3, wherein said 
carbon material for said second electrode Is any 
one selected from the group consisting of a carbon 
material containing a metal catalyst, said second 
electrode preferably having B and/or a metal cata- 
lyst formed on a surface thereof or contained there- 
in. 

6. A method as defined in claim 5, wherein said metal 
catalyst is selected tronn the group consisting of Li, 
B, Mg. Ai. Si, P, S. K. Ca. Ti, V. Cr, Mn. Fe, Co, Ni, 
Cu, Zn, Ga, Ge, As, Y, Zr. Nb, Mo, Rh, Pd, In, Sn, 
Sb, La, Hf, Ta. W, Os, R, an oxide thereof, a nitride 



thereof, a carbide thereof, a sulfide thereof, a chlo- 
ride thereof, a sulfate thereof , a nitrate thereof and 
a mixture thereof. 

5 7. A method as defined in any of the preceding claims, 
wherein said arc discharge is earned out while feed- 
ing specific gas to a region in which said arc dis- 
charge Is generated. 

10 8. A method as defined In claim 7, wherein said spe- 
cific gas Is selected from the group consisting of 
rare gas such as Ar, Heorthe like, air, nitrogen gas, 
carbon dioxide gas, oxygen gas, hydrogen gas and 
a mixture thereof. 

13 

9. A method as defined in any of the preceding claims, 
wherein said first electrode and/or the second elec- 
trode is made of a material mainly consisting of 
graphite, activated cartDon and amorphous carbon. 

20 

10. A method as defined In any of the preceding claims, 
wherein said arc discharge Is generated by a DC or 
an DC pulse; and said second electrode acts as an 
anode for said arc discharge. 

25 

11. A method as defined in any of the claims 1 to 9. 
wherein said arc discharge Is generated by an AC 
or an AC pulse. 

30 12. An apparatus for manufacturing a nano-tube com- 
prising: 

a first electrode and a second electrode ar- 
ranged in a manner to be opposite to each other 
35 In an air atmosphere, said second electrode be- 

ing made of a material mainly consisting of a 
carbon material, said second electrode prefer- 
ably having B and/or a metal catalyst fonned 
on a surface thereof or contained therein; 
40 an arc generation means Including a power 

supply for applying a voltage between said first 
electrode and said second electrode to gener- 
ate arc discharge with respect to a predeter- 
mined region of said second electrode, result- 
ing In a carbon material In said predetermined 
region being formed Into a nano-tube due to 
said arc discharge; and 
a specific gas feed means for feeding specific 
gas to a region in which said arc discharge is 
50 generated. 

13. An apparatus as defined in claim 12, wherein said 
first electrode is constituted by a torch electrode 
provided at an arc torch; 
55 further comprising: 

a transfer means for moving said torch elec- 
trode and second electrode relatively to each 
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Other; 

whereby a voltage is applied between said 
torch electrode and said second electrode 
while moving said torch electrode and second 
electrode relatively to each other, to thereby 
generate arc discharge with respect to a prede- 
termined region of said second electrode, re- 
sulting In a carbon material on said predeter- 
mined region being termed into a nano-tube 
due to said arc discharge. 

14. An apparatus as defined In claim 12 or 13. wherein 
said second electrode is arranged on a substrate; 

further comprising: 

a holding means for holding said first electrode 
and second electrode while keeping said first 
electrode and second electrode spaced from 
each other at a predetermined interval; 
said holding means including a cooling means 
for cooling said substrate. 

15. An apparatus as defined In claim 12, 13 or14, fur- 
ther comprising a surrounding means for surround- 
ing at least said first electrode, said second elec- 
trode and an arc discharge region In which said arc 
discharge is generated between said first electrode 
and said second electrode. 

16. A method tor patterning a nano-tube, comprising 
the steps of: 



like shape on a surface thereof; 
applying a voltage between said first electrode 
and said second electrode to generate arc dis- 
charge therebetween; and 
forming a carbon material on a predetermined 
region of said second electrode into a nano- 
tube due to said arc discharge. 

18. A method for patterning a nano-tube, comprising 
the steps of: 

arranging a first electrode and a second elec- 
trode in a manner to be opposite to each other 
in an air atmosphere; 

arranging a mask of any opening pattern on a 
surface of said second electrode; 
applying a voltage between said first electrode 
and said second electrode to generate arc dis- 
charge therebetween; and 
forming a carbon material on a predetermined 
region of said second electrode corresponding 
to openings of said mask Into a nano-tube. 

19. A method as defined in any one of claims 16 to 18, 
wherein said first electrode is constituted by a torch 
electrode provided at an arc torch. 

20. An electron emission source having Incorporated 
therein the nano-tube material manufactured or pat- 
terned according to the method of any of the claims 
1 to 11 and 16 to 20. 



20 



arranging a first electrode and a second elec- 
trode in a manner to be opposite to each other 
In an air atmosphere, said second electrode be- 35 
ing made of a material mainly consisting of a 
carbon material; 

applying a voltage between said first electrode 
and said second electrode to generate arc dis- 
charge therebetween; and 40 
forming a carbon material on a predetermined 
region of said second electrode into a nano- 
tube due to said arc discharge while moving 
said first electrode and second electrode rela- 
tively to each other 45 

17. A method for patterning a nano-tube, comprising 
the steps of: 



arranging a first electrode and a second elec- 50 
trode In a manner to be opposite to eacli other 
in an air atmosphere, said second electrode be- 
ing made of a material mainly consisting of a 
carbon material selected from the group con- 
sisting of a carbon material formed into any pat- 55 
tem-like shape, that containing a metal catalyst 
fonmed into any pattern-like shape and that 
having a metal catalyst fonned Into any pattern- 
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FIG.5 
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FIG.7 
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FIG.9 
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